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Abstract 


PROBLEM TO BE SOLVED: To provide a digital information reproducing device capable of performing precise filter 
parameter learning while suppressing the Increase of power consumption. 

SOLUTION: A maximum likelihood deciding part 507 outputs the second discrimination result d2, which has small 
delay though a discrimination error ratio is high as the result of comparing it with a discrimination result d1 in addition 
to the result d1 sent to a decoder 508. An error signal generation part 510 generates an error signal e4 from the result 
d2 and the output of a digital equalizer 506. A filter parameter learning part 51 1 leams the filter parameter of the 
equalizer 506 from the signal e4. 
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^#?r ^ X 6 T^i^ ^ /^-f =^ ^ if ^ . 

tssax ^'u-f =1 7 -r if J: IP m&mvc $ ttfcm-i-^o^ b 

BtJl£a*Ji^lf|icom;^;5-bi2S^^^*{c|5^^tifc^-if lo 

7< by 

mjfE^2(0*iJ^^^^ttl;^L. 40 
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[000 1] 
[0 0 0 2] 

te»l?*3Se^C*5V^•r. '>-v/l^l^^JJ^>^ (PR: Pa 
rtialResponse) ^-^^^ffl-T 5 ^ t ^^jf^ < tT:btLTV> 

:y Y turner ^m^^'t(Dm^'r^y^y v<oum^x,^ 
[0 0 0 31 y<—-y^/\^uy^n^>:^:^^\^^ i&M^iti^ 

fe-e*>5ML (Maximum Likelihood) ;^^^lfi^'&:bi± 
(Partial Response Maximum Likelihood) ^^hMPS 

[0 0 0 41 prml:^^ii. ^^hti^&m^i^(nm 

^STM^s PR(1, 1,-1.-1) (EPRML: Extended PRML) . P 
R(l, 2. 0,-2,-1) (EEPRML: Extended EPRML) ^(O^y:^ 
4^0PRML^O:^^;i5^V^e>i^TV^5o ^i^'f^:^^ 

I'X^ : IEEE Transactions on Magnetics, Sep. 199 

9, Vol.35, Num.5, pp. 4378-4386, "Rate 16/17 Maximu 
m Transition Run (3; 11) Code on an EEPRML Channel 
with an Error-Correcting Postprocessor** ^^^^^tl 

[0 0 0 51 — ytv'^^^mS'r^n. PR(1, 1). PR 
(1,2,2, l)^(D;^^;65ffiv>^ti,rv>5o ^f^^^^mW: 
(c:j3tt'5PRML^<7)m-^^S;^^tcoV^rii. Mk. 
tf. i|#BB¥9 - 17 13 10-11 
2 0 3 0-^^^{c:|5«^tlTVN5c 

[0 0 0 6] Z.thhPRML^<Dm'^^m:^^it. PR 

coisg^i*^ ^ fSi ± $ -fr 5 C <b aiSe 5o 
[0 0 0 7] :L(OX^fj:PR:^^i:m\f^tiy'iy^M^n 
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I 0 0 0 8 1 la 1 O li. '^%(OmMJT'< :^ ^ SiStc:Jott 
[0 0 0 9] IE&*JEf^«c:S#iZ,^ix 

t#T>>^ (VGA) 1 o 3tcj:oT3g^>tig#i^*5J: 
T^ni/:7^/U^ (AF) lOAkC'i^h 
tb^o AF10 4I^. ^SOA/D^^ (ADC) 1 lO 
0 5(c J: ^if i^^^fi^m^/ ^ ^tfSi^\t^(0 
l^m^^i^^^^^-rh. API 0 4(1. m^CD^ 

v^iJ'/Wt-i-ll. n ^ h^>;^>'<— 1^/^MT^v>^5^>'^ 

(DEQ) 1 0 etCioV^TjKJI^^^W^lT^tt 

t>ti^-if — v^— <b * 19 . ft-^^SSR 1 0 O (?5tii;^ <t 
hc3 — ^ (HDC) ^U^-Oi^ — ^'^-r^^ 

[0 0 1 1 1 DEQ 1 O *J5£Ss 

10 9 O A;^ tt^^. *J^S 1 O 9 -C(l. ^^^t-^^rff 

mmt^±^^ 1 1 oil. 10 9 (om-&'^^ 30 

^t/D E Q 1 O 6 (DttS:^{t-^«rfflV>T^|im# e 1 
[0 0 121 y ^ /v^ ^—^^^n \ 1 ^21 

ft^^^gpi 1 ofi^h'^hf\.fz.mmt^^ 1 <hDEQ 1 

0 Q(OKf}m(Om^'km\^^xr>'EQ 1 O e(Oy<y:^—^ 
[0 0 13] m \ 1 II. t^^03t^^>^i5^ilBfC*5tt^ 

ft-^*iLsai2 0 0(^^^^^-riiiT*s>'5o 
[0 0 14] iR)iiic^-r<t 9i-> 

5o is♦I^^^Ac^t^ll. ^mmr^y-f (vga) 20 

3(cJ:orig^?:?S*I^*5J:9(-I^S^Fn. T-Txi^ 
y^fV^ (AF) 2 0 4IC^biX^o AF 2 0 4I1. ^ 
^(DA/D^^ (ADC) 2 O 5I^J:*?i^>>^y >'i/ 

A F 2 o 4 II. %,^<r>mv^\^ ^ ^ mm(om^=^mi:Yf 

[0 0 15] ^miS.&^fi^^^^^f^T^u ^it^\'X^ 
ADC 2 0 5tCJ: »?T^^^^>'Wt#J'liP»$tL5o rOxSO 
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':)iK?f^^^W5^T:btl'5p /cfis. af 2 0 4(c j:oT+^» 
^c^8[ff$^<l:35^^Tt?i^rv^5^e'Cll. DEQ 2 0 6 lliil^ 

[0016] J^?P^^{t:;!)5tTt>;h.fcm-§-im^«Offi?K^g^ 
0 iZi^ti. g±;}t^gi5 2 0 7 lc:j5V^-ca*m-§-*^^T 
^tL6o :icoffl^«i. 7^='-:5^2 0 sicjioxm^it: 
*0fS;55ifxt>tt^— 1f— r— :^ <h /jr . ft*i&SSP2 0 0 

TtT'-f ^ (ODC) &.xi^ >^—y 

[0 0 17]*f:i. DEQ2 O 6COta;^lt-^ll*lJ^§g2 
0 9 OA:^ t^^^. W^Sff 2 0 9 -Cil. 

^^m-§-^^g|5 2 1 oil. i^J^S2 O 9 (D*IJ^^;^S.Of 
DEQ 2 0 6^0ffi;^m-^«rfflV^'C^M^t-^e 2 Sr^^-T 

[0 0 18] :7><yu^/^^;^-^^^Sl5 2 1 111. W:^ 
m^^^U2 1 0;5^f5»^tti^c^^m-^e 2 <i:DEQ 2 
O 6COA;^^<^tf«^ffiV^TDEQ2 0 6 (O/'?^ P« — iJ' 

[0019] 

g?L. {t^*Q;S§&--A:^$n'5{m-^«^SNitllM< . ¥IJ 
^:g§ 1 0 9. 2 0 9 lC:Jolt 5*J^^:^<^^ 
lc]g</^5o *:r^> fti;}t^asai:^(^^f9^Sr-^<i: L 
r<^*i|5£^9^<^±^ll. fflVN-5PR:fe-^;55E 
PRML. EEPRML<^J^^S»?i?^#;fi5:|SJt(c/j!5 

[0020] 1 0 9. 2 0 9 <D A;tFff -i-COp^pKTSS 

-f-5>f-iSV>^^ll. —^^tJ:n'&^^^<Dm^\^^^^^ 

m^(Dm ^ ^t^^Mbiifi ^ »9 ic < V v 

[0 0 2 1] U;6^U. iaE**:±l^ia®^ixTV^5ft-^c7:)tt 
^^-^coiS::£^^>:^<h'icj: ^}*j^§§i o 9. 2,0 9(d 

[0 0 2 2] ifc. iiatfcj: 9>:t-^w*K^t-^o 

.^^Jc^=g$-&-5r (JrlcJ:*?. W^fil 0 9. 2 0 9 (OA 
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[ 0 0 2 3 1 la 1 2 PR(1, 0, -l)ML*'^^ffil/>fcK^ 

[0 0 2 4] -<oxo^j:mmi:md!:'r^fcif>. m±m^ 

[O 0 2 5] Ell 3(^. •7^Jl^^y<'^^—'^<D'S,^\^Mc 

[0 0 2 61 [RlElfc^-r J: 0 t-. mmcm^y2<^titzv' 20 
v^^/V.1W«ll. Kl 0 1. T>':/1 0 2. VGA 1 
03, AF104. ADC105. DEQ106> 

[0 0 2 7] Sj^S4 1 2 J^, :g±;it^g154 0 7 (0^-^ 

iS^±fSM4 1 01^. g±it^a5 4 0 7lCct6*JJ^^* 30 
^U^ajfil§4 1 2<^)m;^m■^4:fflV^T^||^t-^e 3 4:* 

[0 0 2 8] >'>r/^^^^7^-i5'^Sg|54 1 
it-§'^^fiK954 1 0 75^b#?3ixfc^3lft-^e 3 ^DEQ 1 
O 6(OA>3^(0««*fflVN-CDEQ 1 O GcOv'^^^— 

[0 0 2 91 Ell 3(<l^Lfcft-^^Sg|54 0 0 "Ct^. 

[0 0 3 01 U7!i-L. ft*it^Si54 0 7fC^{l:m;^755A 

255#9o S*«I^SP4 0 7rt<^ACS (Add-Co 

mpare-Select) [e]^. ^ ^ U ^"ClS+iJ^ n i7 

rcD:®^. S®^4 1 2li, DEQfcB 

l^T> y^^/Ui?^^^;^— ^Oi^^<D^|CDEQ 1 0 6(0 
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[0 0 3 11 :*:5!?3coeWli. rBSm;^<^*i:^Sr«i;to 
[0 0 3 21 

:7 ^ yw^/^^ 7< ^^^-r 5 :7 >r /^^-''-"^ ^ — 
[0 0 3 31 :l(o«'&^ciaV^-c. milss±it^SBti> ^ 

[0 0 3 4] ^^c. mmm±m^mt. ^ h y y^^^Rxf 
y<:^mvimm%:±^'r^m i -Ru^m 2<op<hy^i7jsst 

p«^y^«rffix.> mission b y sssfassu^stjiE 

7^}K miism2co*i^^^Srm;bL. mjISB 2 ^ 
ycoB:*;5K HlJiElli<o^<^p<^y J:t)@<-r6 

[0 0 3 51 Mt-. i^l±£O^^^C^DV^T, wim^i^^^i^ 
[0 0 3 61 ^fc. miiexi^i5'/Htffll?*aiS(C:}3l^ 
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[0 0 3 71 

[0 0 3 81 {{mi(omm<orm)) mm. 

mtK PR(1. 0, -l)ML:fe"^«rSffl LTV^aS'&(coV^TIft 

[0 0 3 91 f^miCTj^-r J: ft -^*2jSSf|S 5 0 0 

r>'>^5 0 2<h. VGA5 0 3 ^. AF 5 04 i:> AD 
C505^. DEQ506^. WcXi^'^M 5 0 7 f 
=i-^$^5 0 8 <^:. ^lim-^^^^iScSl55 1 O ^7 ^ ^< 
7^— i$ri^:gg|5 5 1 1 ,J:, iljgSS 12. 5 13 <i:S:(« 

[0 0 4 01 ^mmm^-^^'^^Mz.^'^^Mtm^. 

>^5 0 2. VGA5 0 3. AF 5 04. ADC50 5> 
DEQ5 O 6fCj:!9«lJj:*£LSStls S^ti^lFlS 5 O 7 «C 

[004 11 S*;Jt5^a55 0 7«cJ:^ifiJ^^*d 1 Ci. 

o o<^m;^<t>t^5c :^±;Jt^a 5 0 7 i^. *IJ^^^d 1 
(cSD;tTS2C0*iJ^S*d 2^r^fi!c-r^o m2cO*J^^ 
21^. *J^^*d 1 <^lt«LT. *J^^t>^JiigO> 
ft±;Jt^a5 5 O 7CDA;^t::>t+^5^D:yi^ig®;65/h 30 
$V^<^V^9tt®^^#Oo B2(^*J^,^:^d 2 0^^;^& 

[0 04 21 5 1 2 . ^2 CO^J^^;^ d 2 ^ ^ 

lS755mtL'5<t DEQ 5 0 60ffl;^/m-^^^:fc}t3^a5 
5 O 7P^O^ n :y i7iijSB#r^:^/cl'tSS^-^5o ^Mft 
■^^fiKSfi5 5 1 01^. ilSSgS 1 2(CJ: •3@jffi$tbfcDE 
Q5 0 6(Dffi;^iS^Uf^2<D*iJ5t^*d 2 «rfflV>T^||ft 
-^e 4«r^ricf So 

[0 0 4 31 ilSSSS 1 3(^. K^ft-§-e 4 ir^JCE^^d^© 
^15^:9. DEQ 5 O 60A;^ft#^ rg;fcjt5£gf5 5 O 40 
7 F^O u ^ ii^^Pel + 5 10 C^^S 

[0 0 4 41 :7></Ui?/N-7y-:^^^SSFP5 1 1 l^i. iijg 
^5 1 3JCJ: i^ii^^ix/ciDEQ 5 O 6 cOA;^^U^^M 
ft-^e 4 ^ffiV>TDEQ 5 0 6 t^/^^ 7< — O^M^tr 

[004 51 ^nm^^t^SiJ 5 1 0 COSfigtCOV^ 

TtftP^-T'So El2l:i. ^^ffi-^^^SP5 1 0(^«^^^ 

[004 61 I^E!(C^-r J: 9 (C. ^Il{t*±^9l5 5 1 O so 
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n.. @S}gtI*^K«»6 0 1 S©5g6 0 2^^«;t 

[0 0 4 71 ^^ffi-g-^^as 510 (CA;^ ^FtVfclg 2 CD 
ipj^r»*d 211. »j8S5 1 2(Dffi;^l^m*l^'</l-3d5^ 

^-r f;^;^^ ^^*-r2fllom■i•<h<^oTv^5co 

T% S^§I5 1 2(7)Ui;^){^>^i-S^Mm-^^*J6'5fc 
a?). m2co«3£?S«d 2il. PR (1,0.-1) ^<L^;^i:(DS 

IH56 0 111. fflv^TV^-5^'^— v'^>'U'U:^?}^>'^*'^(c:fc 

@11tgiH^tfi5tSB6 0 l(c-ca^j^*ix51^*ll> (l-D) 
(1+D) (l+D)"Cfcixtfav\ @^JI*l^t^a5 6 0 1 cotli;^! 
(1. Jg©Si6 0 2{c-c. 3ljSSg5 1 2<om:^SrSW^tt 

[0 0 4 81 fttC. 7-</^^^^^>— iJ'^glRSS 1 1(D 

^§15 5 1 lCO«fife^:^-r:/n v^m^^^. 

[0 0 4 91 Wm\^7f^'r^0\^. '7>()V^^<^:^--^^ 
gg|S5 1 IJl. (n - 1) fliOil^S&7 O l_l-'7 O 

l_(n-l) nf@CD^^ti7 O 2_l'-7 0 2_ 

n<i:. n11fDSI5)^S§7 O 3_l'-7 O 3_n nffltD 
*lJ5eS§7 0 4_l--7 0 4_n<!:. VS?:x.^ 7 0 5^. 
-^/U^:7"lxiJ^if7 o 6 ^^^ix.5o 

[0 0 5 01 >^^/U^-'^"7^--i5^#^SlS5 1 1 (CA;^^ 

n3ta®S5 1 3<ota;^ti. ii®«7 o i_i-'7 o i 

_ (n-1) tCj:o-Caffi^iX. ^©^7 0 2_l-'7 
O 2__n{Cj: t^^Mm-^e 4 ^m^^tbSo ^^^^ 
tl. S^^^7 0 3_l'-7 O 3_n(Cj:t)S 

O 5C7)|S:^it{C^ t9^^^:Jx5o l-'v^;^^ 7 0 scois:^ 
fen. 0iJ;tt^. :7^7U^yN-^^-^^:ggp5 1 i^g&J: 

[0 0 5 11 ^n^'ri(Dm^^7 0 3_l'-7 O 3_n 
(Cil'SS^^^mil. flJ^^7 O 4__1 -7 O 4_ntCct 
i;, l/-<yUifJj^;65fT^t>iX'5o *J^Si 7 0 4{Cj;i^n^f^M 
ll-eyu^T/lx^i^ (MUX) 7 O 6S::frLTDEQ5 0 
6tCi|&ttl5o MUX 7 O 6 {cr:^:^?>nfcnfflcD*J5£ 
^^il. -^tU-ett. DEQ5 0 6rt(?5ni$^:y7^(0 h^V- 

[0 0 5 21 *J^§i 7 0 4 (O^j^Smil. 

5 L#v^^ii^^feM^^IT*S;tfc®^^c. deq5 0 6(d^ 

v^;:^^?' 7 0 5 (Dni^W^ ^ ^'^^^X-^ ^ X ^ {CLX h 
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[00 5 31 m^. m 2 (om^m d 2 i:±^'r^Mc±m 
[ 0 o 5 4 J la 5 11. ftiitt^Si 5 0 7 (om^^yj^-ry 

[0 0 5 51 l^^tc^-r J: 0 (c. S±it^a5 5 0 7 tl. 
;^ h y ^y^mi^US 0 I y<:^;^^V 8 0 2 t. ML 
^ S 0 3. 8 04^Sr«^5c 
[0 0 5 61 p< h y :yi5^iS©ai8 0 li^. S^Jt^gP 5 

o 7 i^A;^ ^ix^c^t-^ffi:^ :^m^(D^m^nft^'t lo 

2(c*Sjfti-5o 

[0 0 5 71 8 0 2lt, fflV^^PRML*-^ 

[00581 MLirU^^SOai^. 8 O 2 30 

Stt5«^ffiSrWtliU> *±}t*$P5 o 7om;^ WJ^ 
fitd 1) ^-r-So ^c^is. /<:^^^y 8 O 2(Dy<y^;^^V 
^t^+^{C^\^^m'^n^ MLirUiJ'^ 8 O 3li. j^i^^i: 

[00591 MLHrU^^804ll. MLir Ui^ ^80 

2(Da*i'^T*<:i?i<. ^'^;^^^y 8 0 2(otfjrai^ (-r^cf 
m2(Dm^md 2 tLxmtii-^. m2(om'^md 2 

o 9<^tl5;^-*ritl!eLT*J^»3%er-r«^i^®v^ 
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[0 0 6 01 i«±lftML/::J: 5(c«fiK$n:fe-r>?i5'^mi 
[O0 6ll6£or. iilt;^^4^(^ig§]/cjr^<^^-^d5 

[0 0 6 2] ^tz. )^±{cmm\.tzx'?iicm^^titzr' 

[0 0 6 31 «m 2 (DmmcDwm)) mmi.tzm± 
m^^5 0 7o«ij(o«^:^ffitcov>TiftM-r5o 

[0 0 6 41 ^61^. S*tt^g|5C0SijO«^«:^i-y nr 
[0 0 6 51 |5]|gltc^-r.i: m^i^'^Ub O 7 a 

1^. m^=Fm±^^9o It. y h y 3/:^'is»SFi59 o 

2. 9 O 5 ^'^'x^^^y 9 0 3. 9 0 6 ^.ML-feU 
:^i$^9 0 4> 9 0 7<h^«;t^o lr±it3£Sli 5 O 7 a 
1^. ffiV^5^<— v^^>'H^^^>^^^?i^3d5 2SiS'Cfc5*'fe 

^5gl5{c^Ufc^::fcti^lHi5 O 7 ^h^^c^^o 

[0 0 6 61 iK?f$^i^^j*a5 9 o 1 i-i. m±m^^ 5 o 

^$P5 0 7 a (7:>A;^75>PR(l,0,-l)MLOT^755-^X.>btl.r 
v^-5:^^T% m^(0^±*S^;&5EPR(l, l,-i,-l)ML§r«v> 

[0 0 6 71 iK?f$^j^*ricSlS 9 o 1 J: m^Tt^i:^ 
^htifziE^i-X. ;^ hV y^tkWt^9 0 2{ZAti^ti 

y h y :x^^»gii9 0 2(1. xti^titzm^mt V 

KEffit^tt^SSti-S-r^o ^LT. y by 5/i5'^^959 

o<i: t>?i75^^ Lv^/<;^co^<;^> h y ^ffi^tt^L. 

Jt5£^**^^;^ ;^ ^ y 9 0 3 ict&iirt^^o 
[0 0 6 81 ^y 9 o 311. m^Lfz^<:^?^'eV 

8 O 2.tl^«tC. 7< b y :yi7ig^g|59 0 2:^^hltiti^th 
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y<:;^;>t^V SO 2tm^<oiyy hShi^i^no. 

[0069] ML-fel/^i5^904l^. y<7.^^V 9 0 3 

fi;55+5^J-B??>tLTV^6®^ll. ML-feUi5^i5' 9 0 41^ 
[0070] :^ hV ^SffSlS 9 0 5. > ^ y 9 O 

e^r/ML-t ^ 9 0 7(cj:-5^2o&:t;it^gi5ii. lo 

^ h y i/^SS^SiS9 0 2. 9 0 SRXn/lL-^ 

V ^ J: t) »*E*/^- '> ^ /V u;:^ 7}f > ;^ V >Tffi#Sslf^4r 
[0 0 7 11 ^ s/i^'SI^SfRQosii. A;^$n;^cm 

[0 0 7 21 y<>^?i^]) 9 o 6«^. miasuyh>^<;^^^y 

/<>^7^^ y 8 0 2 <>:IrI^O'>7 hSbf^^rtr^o 
;^;^^y 9 O 6<^S$ (v-^ h Uv?>^i5^(OSIS) ^< 
;^;^^y 9 O 3 J: t)^V\ 
[00731 ML-tU:^^i^907l^. 9 0 6 

«^)**l'^<7)f^^.>:7< h y s'^^^iS^asg 0 5i: f?fcB:^Six 

[0 0 7 41 C0S-g^0^2(Dif(|^fii:d 2 fU^ftd 

mmd 21^. &±*liS^^Torv^/.^v^^J;e«l 09.2 

o9(oti!,tititm^^i'^^^&^'rmmni&\^\ 

[0 0 7 51 m3(omm<omm)} 07(i. ^^sii^jcj: 40 

[00 7 61 mmiZTT^irx b \^%vsmu 1000 
m%%^ 4<op"p®^^^^f ^>rcJ?>co^^i^^«^i 0 0 

[0 0 7 71 ^^iJ'S^l 00 Xt^h^il^Mz. 

^Hm-^e 4COD°pK(ClSi:r:7^yl.>5'/<7>-^^^a5 
5 1 1 rt<^)l^i^>^^(^SS^<i:&I/DEQ 5 0 6C0/<^7< 
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-<yi-:^/N°7^-^^S$li5 1 lrt<DUi^:^^cot9:5tffl[Sr 

[00 7 81 Uil±co J: 9 «c«^$tt/cfS-g^*Q.Sgf5 100 

0^}^oxi;^^/WWfflS^^®l^> mm\^f:.=fV^^M^ 

0 0^. \%%^mu 1 0 0 oij^^t^x v^^^/Hf as^^ 

[0 0 7 91 ia7{c:^L/h^-e«l. ^Mft-^e4 

^1001 (Dmm^^^^^nyix. mm%%^ 4 sra 

[0 0 8 0] mliigUfcff-^«tSSP«rfflv^3^cK«7^ 
^ ;^ ^ ^g(7)«^(cov >Tlft w-r^o 
[o o 8 il E18(l. *5!Wf-J:5?8fl7^^^^3gfi<o 

^33^gl lOOJ^. 7^— i5':d^§#iZ^*tiTV>5K^7^>r 
^iJ' 1 1 O 1 m^ff^:^^ 110 1 ^rlEie^-^^;^ 
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